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ABSTRACT 

A NCDC data set comprised of 230,202 oceanographic stations representing 
all regions of the world ocean was statistically analyzed for temperature and 
sigraa-t relationships with nitrate, phosphate or silicic acid. Six cubic 
regressions were computed for each ten degree square of latitude and longitude 
containing adequate data. World maps display the locations that allow the 
prediction of plant nutrient concentrations from temperature or sigma~t within 
the limits of selected subjective and objective criteria. Geographic coverage 
improves along the sequence: nitrate, phosphate and silicic acid and is 

better for sigma-t than for temperature. Contour maps of the approximate 
temperature or sigma-t at which nitrate, phosphate or silicic acid are no 
longer measurable in a parcel of water are generated based on a percentile 
analysis of the temperature or sigma-t at which less than a selected amount of 
plant nutrient occurs. These regression and percentile results are stored on 
magnetic tape in tabular form. The analyses summarizes into the global 
potential to predict plant nutrient concentrations from remotely sensed 
temperature or sigma-t and emphasize the latitudinally and longitudinally 
changing phytoplankton growth environment in present and past oceans. 


INTRODUCTION 


Temperature versus salinity (T-S) plots have lsng been used to 
characterize the different water massos in the world ocean. Mamayev (1975) 
has traced the history of the technique to Forch et al. (1902) who proposed an 
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equation of state of sea water and Helland-Hansen (1912) who constructed a T-S 
diagram on which he plotted the real T-S relations of the waters of the 
oceans. Plant nutrients (PN) including nitrate (N), phosphate (P) and silicic 
acid (Si) have been applied to water mass studies relatively recently. 

Aston (1980) has provided a review of plant nutrient relationships with 
salinity (S-PN) in estuaries. The scatter plots are primarily used to 
determine whether plant nutrients act conservatively as river water mixes with 
seawater. The exact pattern observed depends on the environmental conditions 
in each estuary. These studies suggest that salinity may be a useful 
predictor of plant nutrients that enter coastal water from rivers. In ocean 
regions beyond the influence of rivers, salinity does not usually exhibit 
sufficient variability over adequate spatial and temporal scales to serve as a 
good predictor of plant nutrient concentrations. Temperature and sigma-t are 
the conservative physical factors of choice under normal oceanic conditions. 

According to Stefansson & Atkinson (1971a), Cooper (1952) was probably 
the first to suggest the use of silicic acid in Identifying certain deep-water 
masses which are difficult to distinguish by means of their T-S 
characteristics. The temperature-silicic acid (T-Si) or the sigma-t-sillcic 
,*cid (o-Si) relationships have been used to identify water masses in the 
Antilles Arc region (Richards, 1958), the North Atlantic and Western 
Equatorial Atlantic (Metcalf, 1969), the Western Mid-Atlantic (Stefanson and 
Atkinson 1971a; 1971b) and several other regions including the Gulf of Mexico 
and the Southern Ocean (W. Nowlin, personal communication). Several GEOSECS 
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Program (Craig and Turekian, 1980) investigators have used various plane 
nutrient or derived plant nutrient parameters (i.e. M N0") as conservative 
markers of different water masses (Broecker, 1974) and have inferred the 
contribution of different water masses to a given parcel through water mass 
end-member interpolations (Broecker and Takahashi, 1980; Chung, 1980; Broecker 
et el« 1980; Broecker and Peng 1982). 

Oceanographers interested in water mass identity and propagation 
rountinely avoid the upper 200 m of the water column because of the 
complexities inherent In the ocean layer affected by the atmosphere and by the 
enhanced biological activity. Strickland et al. (1970) were probably the 
first to point out the surprisingly conservative nature of the temperature 
-plant nutrient (T-PN) relationship in near-surface water and to discuss the 
dynamic dependencies of the correlation. Nearly all of the data collected 
during the early weeks (May to mid-July) of their program in La Jolla Bight 
lay near a single curve from which one could predict plant nutrient 
concentration almost to within experimental accuracy, irrespective of how deep 
in the water column a given temperature was encounted. Data from later weeks 
deviated somewhat from the initial curve. Strickland et al. (1970) have 
stated that the relationship between plant nutrient depletion and the heating 
of the water column cannot be expected to be exact and must depend upon the 
amount and activity of plankton in the water. 

In recent years other oceanographers have used T-PN, sigma-t versus 
plant nutrient (a-PN) or other plant nutrient correlations that include the 
upper 200 m of the water column for various purposes in several locations off 
the California coast. Kamykowski (1973) has provided a temperature versus 
nitrate (T-N) scatter plot that is composed of 12 months of data collected 
from a 40 m water column at a station in La Jolla Bight. The range of nitrate 
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at any temperature below the temperature at which nitrate depletes (^14° C) is 
generally less than 8 pM. Lower nitrate concentrations occur at a given 
temperature in January-June than in July-December. Eppley et al. (1979) have 
used the range of nitrate concentrations at a given sigma-t in a-N plots to 
estimate the possible role of horizontal eddy diffusion in contributing to 
nitrate flux in the Southern California Bight. Station differences in the o-N 
relationships increased as the distances between stations increased over the 
greater than 1° square grid of stations. As earlier suggested by Zentara and 
Kamykowski (1977) , Traganza et al. (1983) have used T-PN relationships to 
predict plant nutrient distribution patterns off Northern California based on 
temperature determined from satellite infrared Images and has applied these 
plant nutrient patterns to the interpretations of ocean color images of 
chlorophyll from CZCS imagery. 

Off the Atlantic coasts of Canada and the United States, Smith (1978), 

Lee et al. (1981) and Atkinson et al. (1982) have used various plots of more 
easily measured physical or chemical factors versus plant nutrients to predict 
plant nutrient concentration. Long term mooring records of temperature, 
salinity, or oxygen combined with current meter velocities were used in 
conjunction with plant nutrient regressions to compute a time-series of 
probable plant nutrient flux on the Scotian, the Georgia and the North 
Carolina shelves. 

In upwelling areas off South America and Africa, Friederich and Codispoti 
(1979) and Tregeur and LeCorre (1979) have discussed the enrichment effects of 
local plant nutrient regeneration on the concentrations of nitrate, phosphate 
and silicic acid at the inshore end of a cross-shelf transect. Codispoti 
(1982) has stated that T-N and/or S-N plots show that the source waters of 
upwelling have concentrations that are higher than offshore waters with 
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similar temperatures and salinities. • Friederich and Codtspoti (1981) have 
shown a similar enrichment occurring along the longshore path of Che poleward 
undercurrent that is the source of the upwelling waters' off Peru. The a~PN 
relationships can exhibit complex patterns in this area. During July to 
October 1976, the 26.0 sigma-t surface below 40 m was characterized by a 
nitrate range from 11 to 22 pM and by a silicic acid range from 7 to 18 pM. 
During March to May 1977 the ranges were 16 to 32 pM for nitrate and 6 to 36 
pM for silicic acid. A times-series station at midshelf occupied during May 
1976 showed a fluctuation of 9 pM in nitrate and 8 pM in silicic acid on the 
26 sigma-t surface during a 24 hr period. This Peruvian coastal area is 
influenced by unusually strong denitrification and by a complex intermingling 
of water masses (equatorial and subantarctic) with very different hydrographic 
and plant nutrient characteristics. The observed plant nutrient variability 
may be extreme but it does emphasize the caution that must be exercised in the 
interpretation of plant nutrient relationships with temperature, salinity or 
sigma-t. In contrast, Voiturlez and Herbland (1984) have suggested that the 
seasonal stability in the nitrate/temperature linear relationship observed in 
the nltracline of the Gulf of Guinea indicates an equilibrium between physical 
and biological processes in the region. 

Zentara and Kamykowski (1977) have compiled a data set along the west 
coast of North and South America that allowed the generation of temperature 
versus nitrate, phosphate and silicic acid plots. Several trends were 
evident: 1) the plant nutrient concentration generally increased linearly 

with decreasing temperature for each block within the depth limits of the data 
set (ocean bottom or the depth below which nitrate remained constant); 2) the 
predicted plant nutrient depletion temperature decreased with increasing 
latitude from the equator; and, 3) actual nitrate depletion temperatures 
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occurred throughout the northern hemisphere, but were leas likely to occur 
south of 45° S; ailicic acid depletion temperatures occurred south of 45° S. 
This larger data Bet verified the coherent latitudinal applicability of T-PN 
relationships. The area studied, however, was chosen for its relatively 
simple physics and geology and did not consider the complexities of large 
river outflow, broad continental shelves, and large scale fronts. The latter 
areas may offer special problems due to altered plant nutrient ratios and the 
physical and chemical effects caused by the proximate sediment Interface and 
by complex water mass structure. 

The present paper provides T-PN and a-PN analyses of a global data set 
obtained from NODG. This analysis provides a global view of the present 
capability to predict plant nutrient concentration or plant nutrient depletion 
from temperature or sigma-t using a slightly modified NODC data set. 

METHODS 

Twenty magnetic tapes in Station Data II format containing 230,202 
oceanographic stations with at least one plant nutrient (nitrate, phosphate or 
silicic acid) represented were obtained from the National Oceanographic Data 
Center (NODC). Each ocean area was successively processed through the 
sequence of programs listed in Table 1 in which JCL refers to Job Control 
Language, SAS refers to the Statistical Analysis System and CAMIVA refers to 
the Cartographic Automatic Mapping System (Version IV-A) . The reduced data 
sets created by OCEAN were limited by depth (<1000 m) , temperature (-5 to 35° 
C), salinity (28 to 38 ppt) , and appropriate plant nutrient concentration 
(nitrate -0 to 40 pM; phosphate -0 to 3.5 pM, or silicic acid -0 to 200 pM) . 
Scatter plots of temperature or sigma-t versus nitrate, phosphate or silicic 
acid were used to assign subjective values of overall data quality. 

The possible data quality symbols were: 'X* -data generally fell along a main 
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line trend that was consistent with that expected from surrounding TENSQs 

(10°Lat x 10°Lon); * M* -a relatively large number of data points compared to 

* 

the number in a TENSQ deviated from the expected main line trend apparently as 
a result of decimal point errors; and ' B' -no expected main line trend was 
discernible. Only TENSQs designated 'X* were considered for this paper. No 
attempt was made to correct suspect data. The statistical analyses performed 
using the SAS procedures (SAS Institute Inc., 1982) included cubic regression 
calculations with associated statistics including the variance-covariance 
table, estimates of means and ranges for the variables used in the cubic 
regressions and percentile determinations of the temperature or sigma-t values 
associated with plant nutrient levels below a selected level (N<5; P <1; 

Si<10) . The levels were chosen as a compromise based on a survey of the data 
and they certainly work better in some regions (i.e. lower latitudes) than in 
others. These percentiles provide a mechanism for estimating the temperature 
or sigma-t at which the different plant nutrients tend to unmeasurable 
concentrations. The 50th percentile approximates this ideal within the range 
of the main contour intervals of 5°C for temperature or 1 unit for sigma-t. 
This amount of error is considered acceptable for the global comparisons in 
this paper but must be refined for actual application to a given region. 

RESULTS 

Table 2 provides a listing of the factors recorded in the six final 
tables for the temperature or sigma-t versus nitrate, phosphate or silicic 
acid relationships that are considered in this paper. In addition, the 
variance-covariance tables are also available to allow the calculation of 
confidence limits for predicted plant nutrients concentrations at a selected 
temperature or sigma-t in a given TENSQ. These data set? are stored on 
magnetic tape at North Carolina State University. Figure 1 provides examples 
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of Che range of scatter plots chosen as suitable for predicting plant nutrient 
concentration based on four criteria: 1) data point number (i.e. , TNNC) > 10; 

» 

2) subjective data quality (i.e. TNQUAL) “ ’X'j 3) adjusted r 2 (i.e. TNARC) > 
0.5; and, 4) root mean square error (i.e. TNEC) < 6 (N) , 0.4 (P) or 20 (Si). 
The last criteria was chosen as the mid-range of error in each plant nutrient 
data set. The cubic regression fits are superimposed over the data. The 
entries for these scatter plots in the final tables are respectively listed in 
Table 2 (except for variance-covariance matrix) . 

Figures 2-4 provide map summaries of the TENSQs with adequate data to 
allow prediction of nitrate, phosphate or silicic acid, respectively., from 
temperature (upper) or sigma-t (lower) within the criteria mentioned above. 

For temperature or sigma-t, the geographic coverage is least for nitrate, 
intermediate for phosphate and most for silicic acid. The region bracketed 
between 40° N and 60° S is most suitable for plant nutrient predictions based 
on temperature. Plant nutrient predictions based on sigma-t are useful into 
higher latitudes. Several poorly represented regions (i.e. the U.S. east 
coast) may require reduced spatial groupings of data (i.e. 1° Lac x 1° Lon or 
smaller) to survive the selected criteria because of juxtapositioned water 
masses with different temperature or sigraa-t versus plant nutrient 
signatures. 

Figures 5—7 provide contour maps of the approximate temperature (upper) 
or slgma-t (lower) at which nitrate, phosphate or silicic acid respectively 
decline to unmeasurable concentrations using classical nutrient analysis 
techniques (Strickland and Parsons, 1968). These data represent only the 
TENSQs that are characterized by the subjective criteria *X' and that contain 
more than 10 data points below the selected low plant nutrient criterion. The 
contours represent the 50th percentile of temperature (upper) or sigma-t 


(lower) below these plant nutrient criteria within the acceptable TENSQb for 
each plant nutrient. 

Figure 8 compares the latitudin'ally changing temperatures along the west 
coasts of North and South America for nitrate (Figure 5) and silicic acid 
(Figure 7) with those given in Zentara and Kamykowski (1977). The overall 
patterns are quite similar, although specific latitudes exhibit significant 
temperature differences. This can be attributed to the interaction between 
the TENSQ boundaries relative to the longitude of the coast line; the large 
TENSQ area can incorporate more or less offshore water compared to the data in 
Zentara and Kamykowski (1980). 

Since the temperature and sigma-t contours in Figures 5-7 represent plant 
nutrient depletion, they are generally symmetrical around the equator and 
depict the late growth season condition in both hemispheres. The contours 
tend to be compressed toward the equator in the eastern parts of each ocean 
and toward the poles in the western part of each ocean. The wannest 
temperatures of plant nutrient depletion occur in the eastern Indian and 
western Pacific Oceans. This region is also characterized by the lowest 
slgma-t values of plant nutrient depletion as a result of the abundant 
rainfall and river runoff. The North Atlantic generally has warmer but denser 
contour values than the North Pacific. The Southern Ocean exhibits generally 
symmetrical contours around Antarctica that are occasionally distorted by 
blocking land masses. The silicic acid contours tend to be colder and denser 
than those of nitrate or phosphate at the same high southern latitudes. 

DISCUSSION 

The NODC data set is an oceanographic resource that has the potential to 
provide global views of different factors and their interactions. 
Unfortunately, the data set is compromised by several sources of error that 
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limit this potential. The results presented in this paper use both subjective 
and objective criteria to circumvent the obvious errors. Alternate criteria 
can be applied to the refined data set derived from the statistical analysis 
to yield maps either more or less stringently controlled. The present 
criteria demonstrate that useful information can be extracted from the NODC 
data set and the potential utility of the NODC data set for examining plant 
nutrient relationships with temperature and sigma-t. 

The cubic regressions of temperature or sigma-t versus nitrate, phosphate 
or silicic acid for each TENSQ in Figures 2-4 can be used to predict plant 
nutrient concentrations. The required estimates of temperature or sigma-t can 
come from various sources including buoy, airplane or satellite mounted 
sensors. Traganza et al. (1983) hive demonstrated this application for 
satellites and have used the added insight to more completely interpret CZCS 
ocean color determinations of chlorophyll. The cubic equations derived in the 
present analysis can be similarly applied to data such as that provided by 
Shannon et al. (1984). These investigators presented contours of remotely 
sensed surface temperature and chlorophyll collected off southwestern South 
Africa during February 1980. This location occurs in TENSQ 500 which is 
characterized by the following temperature-dependent cubic regressions: 

N « 37.15 - 0.2 IT - 0.24T 2 + 0.008T 3 r 2 =» 0.92 RMSE ■ 3.42 

P => 1.48 + 0.35T - 0.05T 2 + 0.001T 3 r 2 « 0.58 RMSE - 0.42 

Si » 41.46 - 4.56T - 0.17T 2 - 0.002T 3 r 2 *> 0.39 RMSE - 9.13 

Since all relationships are subjectively rated 'X', the error term (>0.40) 
prevents the appearance of this phosphate relationship in Figure 3 and the 
adjusted r 2 term ( <0 . 5 ) eliminates this silicic acid relationship in Figure 4- 
The nitrate relationship is well within the criteria used in this paper. 
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Depending on the standards selected by the investigator, the nitrate or all of 
these equations could be used to supplement the published temperature contours 
with derived plant nutrient contours that would help specify the future 
growth potential of the measured chlorophyll. 

The present analysis of the NODC data set is not the best choice to 
predict plant nutrients from temperature in a given local study except if 
concurrent plant nutrient measurements are unavailable or impossible. Based 
on the present analysis, however, plant nutrient concentrations can be 
uniquely predicted from temperature over broad geographic regions. The extent 
of these regions for the different plant nutrients is reasonably delineated in 
Figures 2-4. Each matrix of regression equations provides a potential 
capability to generate global or ocean basin maps of plant nutrient 
concentrations based on routine surveillance of surface temperature from 
satellites. This capability can eventually contribute to the routine 
surveillance of chlorophyll as primary production in the world ocean (Perry, 
1982). Eppley et al. (1985) have stated that plant nutrients are one of the 
factors that control photosynthesis per chlorophyll and that the variation in 
the relationship between primary production and chlorophyll that is explained 
by temperature may be partly based on plant nutrient relationships with 
temperature. 

The plant nutrient predictions based on sigma-t are generally more 
reliable and apply over a broader geographic area than those based on 
temperature. The sigma-t based relationships may eventually be compatible 
with satellite-sensed determinations if salinity can be remotely determined. 
Alternately, these sigma-t based relationships provide a mechanism for 
interpreting past or future mooring data as demonstrated by Atkinson et al. 
(1982). For the latter purpose, however, local concurrent calibration will 
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usually be better than the NODC relationships alone. The tfODC data can be 
used to place local calibration in a spatial context. . 

Figures 5-7 provide approximate contours of the temperatures and sigma-t 
values at which nitrate, phosphate and silicic acid are no longer measurably 
in the world ocean. These contours supplement the cubic regressions 
represented in Figures 2-4 and demonstrate the dependence of the plant 
nutrient relationships with temperature or sigma-t oti the large scale 
oceanographic processes. These processes must Include the global seasonal 
cycle of incident solar radiation and its effect on evaporation-precipitation 
and on wind, the major currents associated with surface and deep circulation, 
and the location of the continental land masses and their associated river 
systems. More local effects include the average environmental conditions that 
determine the seasonal upper mixed layer stratification sequence and the 
conditions that affect phytoplankton growth. These contours attest to the 
jjbiiifcy of organisms to maintain a high level of biological activity over a 
broad range of temperature and sigma-t conditions determined according to 
physical laws. This biological activity is adequate to drive near-surface 
plant nutrient concentrations to unmeasurable levels over broad geographic 
expanses of the world ocean. 

These contours also emphasize the spatial and temporal application of 
these relationships as factors In phytoplankton competition and community 
succession (Tilman et al. , 1981). This temperature, sigma-t and plant 
nutrient interaction combined with latitudinal patterns of other biologically 
significant factors like day length, light intensity, and mixed layer depth 
advances the conceptual view of the coordinated environmental factors 
affecting planktonic phytogeography (Smayda, 1980). Recall, however, tht.n 
several investigators (i.e. Strickland et al. 1970) have emphasized that 

seasonal adjustments between physical and biological processes can alter the 
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local expression of these relationships within confined but measurable 
limits. 

Finally, these contours initiate paleoceanographic' speculation concerning 
variability of the planktonic growth environment during various stages of the 
earth’s history. CLIMAP (1981) has provided a seasonal representation of the 
sea-surface temperatures during a glacial period based on a factor analysis of 
the abundance of organism remains in the underlying sediment. Although the 
average temperature difference from the present condition is small (-1.5° C) , 
the glacial temperature can range 10° G lower at certain geographic locations. 
The plant nutrient relationships with temperature and sigraa-t provide an added 
dimension to the causal factors that allow organism abundances to yield 
temperature information. This is especially true when interpreted in light of 
the complex interactive effects that these factors have on phytoplankton 
growth (Goldman, 1977) , nutrient uptake (Goldman, 1979) and behavior (Walsby 
and Reynolds, 1980; Bienfang and Harrison, 1984; Cullen and Horrigan, 1981; 
Kamykowski, 1981). 

CONCLUSIONS 

The statistical analysis of temperature and sigma-t relationships with 
nitrate, phosphate and silicic acid using the NODC data base demonstrates the 
existence of a global prediction capability and of a diverse global texture of 
temperature, sigma *t and plant nutrient patterns acting on phytoplankton 
processes. Plant nutrient concentrations can be predicted based on temperature 
or slgma-t with varying amounts of certainty depending on the complexity of 
water masses in the region and on the quality of the existing data. These 
predictions can contribute to the interpretation of the satellite chlorophyll 
data a3 primary production. Latitudinal and longitudinal variations in these 
relationships as exemplified by the approximate temperature or sigma-t values 


at which plant nutrients deplete can be related to the matrix of global 
environmental processes and to the ability of phytoplankton to adapt to the 
resulting range of environmental conditions. These contour maps of the 
temperature or sigma-t at which nitrate, phosphate or silicic acid deplete 
provide insight into present and paleoceanographic phytogeography. 
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TABLE 1 - List of the program sequence applied to each ocean mrea 


PROGRAM 

SOURCE 

FUNCTION 

COPYDCTP 

JCL 

Copies the NODC data set for a given ocean area to 
a private disk (AREA). 

OCEAN 

SAS 

Creates two modified SAS data sets; one contains 
the general information about each station (LOG); 
the other contains the depth profile information 
from each station (WATER). 

SCATTER 

SAS 

Sorts the WATER data set according to 10° Canadian 
Square designation and provides plots of 
temperature or sigma-t versus nitrate, phosphate 
or silicic acid. 

REGRESC 

SAS 

Computes cubic regressions for temperature or 
sigma-t versus nitrate, phosphate or silicic acid; 
Calculates means and percentiles for selected data 
subsets. Six versions - one for each 
relationship. 

TABLE 

SAS 

Corrects errors in the preliminary Table from 
COMBINE. Six verslons-one for each relationship. 

WMSYM 

SAS 

Creates a Fortran compatible data set for selected 
variables. SevuraL versions depending on 
variable. 

WORLDMAP 

CAMIVA 

Superimposes specific variables from WMSYM on a 


world map. 


TABLE 2 - Representative list of the output terms in the final table resulting fromt the 
statistical analysis of temperature versus nitrate data. 


VARIABLE SAMPLE SETS 


AREA 

- 

NODC ocean area designation 

4 

3 

TENSQ 

- 

Canadian square number for 10° longitude by 10° latitude 

426 

715 

LAT 

- 

mid-latitude of the TENSQ; south is negative 

-45 

-15 

LON 

- 

mid-longitude of the TENSQ, east is negative 

-115 

135 

TNNC 

- 

number of nitrate data points in the TENSQ and the number 
of points used to compute the cubic regression 

105 

356 

TNTL 

- 

lowest nitrate temperature in the TENSQ 

2.9 

4.4 

TNTM 

- 

mean nitrate temperature in the TENXSQ 

9.7 

17.9 

TNTH 

- 

highest nitrate temperature in the TENSQ 

17.6 

28.1 

TNIC 

- 

nitrate intercept of the cubic regression 

18.15 

49.74 

TNI SC 

- 

first order slope coefficient of cubic regression 

3.69 

-3.53 

TN2SC 

- 

second order slope coefficient of cubic regression 

-0.67 

0.04 

TN3SC 

- 

third order slope coefficient of cubic regression 

0.02 

0.0007 

TNEC 

- 

root mean square error of the cubic regression 

5.44 

1.55 

TNARC 

- 

adjusted r^ for cubic regression 

0.53 

0.99 

TNQUAL 

- 

a subjective value of overall data quality 

X 

X 

TNNL 

- 

lowest nitrate in TENSQ 

0.2 

0.0 

TNNM 

- 

mean nitrate in TENSQ 

12.2 

10.2 

TNNH 

- 

highest nitrate in TENSQ 

37.4 

36.9 

TLNTC 

- 

low nitrate cirterion for temperature of nitrate depletion 

5 

5 

TLNTN 

- 

number of temperatures with nitrate levels below criterion 

20 

214 

TLNT25 

- 

25th percentile temperature with nitrate levels below criterion 

9.4 

22.4 

TLNTM 

- 

50th percentile temperature with nitrate levels below criterion 

11.6 

25.2 

TLNT75 

- 

75th percentile temperature with nitrate levels below criterion 

17.0 

26.2 
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FIGURE CAPTIONS 


Figure 1: Sample scatter plots demonstrating the range, of acceptable data 

(top; best, bottom; worst) and cubic regression fits included in 
the present analysis. 


Figure 2: World maps of the 10° squares of latitude and longitude that 

contain acceptable data and cubic regression fits for temperature 
versus nitrate (top) and sigma-t versus nitrate (bottom) based on 
specified selection criteria. The ’X 1 marks over continental 
areas represent coastal regions within the bounds of the 10° 
square. 


Figure 3; Same as Figure 2 for temperature versus phosphate (top) and 
sigma-t versus phosphate (bottom). 


Figure 4; Same as Figure 2 for temperature versus silicic acid (top) and 
sigma-t versus silicic acid (bottom). 


Figure 5; Contour maps of the approximate temperature (top) or sigma-t 

(bottom) at which nitrate approaches unmeasurable concentrations 
in the world ocean. The cross hatched area in the temperature 
plot marks the 27° C contour. 


Figure 6: Same as Figure 5 for phosphate. 


Figure 7: Same as Figure 5 for silicic acid. 


Figure 8: A comparison of the temperatures at which nitrate or silicic acid 

approach unmeasureable concentrations along the west coasts of 
North and South America from Figure 5 (top) and Figure 7 (top), 
respectively, and from the data in Zentara and Karaykowski (1977). 
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APPENDIX I 


The attached set of tables provide a record of the? 

1. Temperature vs. nitrate cubic regression coefficients 

2. Temperature vs. nitrate variance-covariance matrix 

3. Temperature vs. nitrate means, ranges and percentiles 

for each 10° square of latitude and longitude for which data exists in the 
analyzed NODC data set. The labels are identified in Table 2 of the 
accompanying manuscript entitled 'Predicting plant nutrient concentrations 
from temperature and sigraa-t in the world ocean' . Five additional sets of 
tables for temperature vs. phosphate, temperature vs. silicic acid, sigma-t 
vs. nitrate, sigma-t vs. phosphate and sigma-t vs. silicic acid are also 
available on the Triangle Universities Computer System in North Carolina. 
Some specific aspects of the three tables within the attached set are 
discussed in the following sections. 

1. Temperature vs. nitrate cubic regression coefficients. 

- The regression coefficients in this table are substituted into the 
equation 

N = a + bjT + b 2 T 2 + b 3 T 3 
or 

N - TNIC + TNISC(T) + TN2SC(T) 2 + TN3SC(T) 3 . 

- The lowest (TNTL) , mean (TNTM) and highest (TNTH) temperatures mark the 
range of best application of the cubic regression equation. TNNC gives 
the number of data points considered. 

2. Temperature vs. nitrate variance-covariance matrix 

- The 4x4 matrix (TNIC, TN1SC, TN2SC, TN3SC) associated with each TENSQ 
corresponds to the labels 


aa 

ab^ 

ab 2 

ab^ 

abj 

b i b I 

b I b 2 

b L b 3 

ab 2 

bib2 

b2b2 

b2b3 

ab3 

blb3 

b2b3 

b3b3 


The variance of a predicted nitrate (N) concentration at a chosen 


temperature (T«T) given by 


Var (N) ■ — * * v(T) — 


T-T 


3. Temperature vs. nitrate means, ranges and percentiles 

- The lowest (TNNL; TNTL) , mean (TNNM; TNTM) and highest (TNNH; TNTH) 
nitrate concentrations and temperatures are given. 


- The 25th (TLNT25) , 50th (TLNTM) and 75th (TLNT75) percentiles of the 
temperature at which nitrate is less than 5 pM are given. TLNTC gives 
the number of data points considered. 
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rnoiif\ji/w'^ovWAi | n/vv^^OA#^ofrftwwyOf^«r'^<>'fl»^nowyr«^«o<iNo« 

«<y©ernj»n 




ooooooooooooooooooo«oooooooiroOoooooifcw^j«ooooo^rw\joAif«. 

MIIIIH 19 1 q I I • VM ••» IN *-N0 • t • - « T»« — «*l 

1 • or * <0 


I 


qa}»*yo»"»o(nqqi^}»**^qo i iffN>o«iN/ , uc^Of»<n/^«(yffftjq»^Btf K » ■ >** okoNno^N 

r* 0 i^«»^q»<KyM» 4 Ne»O«^Nirt , ^WON^OOKV>*WW-OtH^oVNO^N*^qp«^ 

ru« *o *-*%©fwv**-«o afv -o©rv**« i*ui©*^ «3 oinoui ■■*«) a r**vy •-*»«>*** «• *-©'*rv%a «r 

fttHpqyqOVW)^»Nft| 0 »^qfM<w*. 0 < - W*^Otf>W'WfUq<>^'qWNog « ^W^^«H/^ 
fVO^^g^> 0 »NW>*qO< 0 OWQyiOWWiqMVWWOKON* ^ qNgO»*O^q»Oq l J*^n 

OOOOOOOOOrW^OOOO^^OOOOO— O^O-OHOONOqO.OOOO^rUlOf^O'O 

II mill ••• M 9 1 90 9 1 9 IMT^O* 9* 

l nj a in m q 

I -« K 

9 9 


p*!** «xo o -^rvHf^>r^Kxro- o*v-**MDiA»‘V?tO0> ojrviotmr fw*oA*No<\^o heooo«o«o oxvo© 

A^*Ax^a*ro«r' 0 »wvT-wv»^Mnin<r-^»r'«r*ofH 4 ^«)w 4 no«o«eorMV^tt^^«vwv^)^mM^>«> 

in<n<>ooo > q*^‘g'fl* 4 Q w \i»vi'^n<><w>«‘^«o<>cinoisnoq»Mo»o 9 w»q^i)p«<i | 9 NCf\»'n 

^qa**^ooojuw»qo<>qo<Nonn-qci/ur«'Offo«)^Nff«>Oh^<Hit) 9 'nKWWvBNtrNn^ 

q» 0 ^<n *»^ ^)n>* 0 «) >**»q tf>q>*Qq 00 » 0 Q^ 0 Nq 00 nqnWM> 9 ' 9 >OS / »»q»a/»Q^q 

• #•••••••«•«■•••»«•*••«••■•■•••••»•••■•■•»«•#■»• M f 

ooooooo«fv^^nnooooo<onooooocfyooorvHonoqninooo-aonon^- 

« I IAJ | | I •«* I 1 I 1 09 9119 9 »««tnc I lin 19 

9 HI 9 - tin 


ry 

9 


Noe^c<tyogc> 4 ^rrK^c^qnn«^M>^o‘> 4 o(»r fc fMO^>Noui » «. *»n»jxy^yo > »^x^<o»^q 3 AJ 
nw^»><N\f^oo^HO(>^o«nwN 0 efN\jo^rNiooqiO(^oo-* 4 f«io-oqcrnnuinmtn««vi 
o*tA©n;o<*r-<j q-ONU>^con^oooir«f\jno<> 0 ‘W^<?(W^M> , wnooo<MOinftj^.«T^« 
ef© a? room ©a iooq^*^o*<< 4 ioo 7 «-<OM> >Cf\ji~rvirvfn'>orvnwO'«*/*Ai»*v©©oo'*ory 

No*Nn^n^q^< 4 »iwwo^**^o*swguv»uwu)« 0 ‘^»vwiN>MDnwwqoiwq 

qqeo- onqconN**o^** 4 nqf^oqotn«N^«fvj!Hq' 9 UW\joo^ 9 Hpnuw)No^^o^*H 
•*• |f •«• ^ | IT Otn «© V 

•-> m ' ' ru • wi 

• — • IA 


#n wkvo c «* v o i/wn 40 iaaj *> o* ry <rt*-© «r o — o* oia<o cr <r ruw^oN/M«r «r kw 

^><vMM)«Q g >co*^fti«<NnooW 9 >»lft^^Nro^r *^^ >**« o^ W' 09 v<ro**oe>*o 

«m< •*• 9 » 9 • 9 ~4 I I 


«*/*> -o h- ©v * 1 o-ww n»*w imo oouvt kkhao ^oo- oinr^o ono *-*\*v*n 00^0 i*<* 

« . < a n^o*^»o**c 

I 9 I*- 999999 1 11191 9 9 119 9 9 

■<»■»■ i f\|H x .». 


cn-< a »-*/>«■ t-o«» ruoryp- oocm-i-^j 0^1 — ^uxninq njrti^or^n^r'wc^ oinr^cr 

ir*xr cjr^ o*- 

i/k****v\j *x«o ^*»w%xr ru^ oj k>-^ «t 

ry ~4 


trx/xmn */v\/nr« wmN/vHNNrtr l/mti WKfH/vvxrurH/urKAi/x/xntrH/VMrvHntrt^^ 
**fw»qir-o<acnqyi««<jM^hN<»v' 9 — cK'rv— o^crc'fxjfom 

«■ «■■«' «i | | 9 9 9 9 

• 91 IIIII9 


•o <0 ^ 4 ) 4 -o «o -o <0 -o *0 *0 < *o «o •« -o <0 *> r- h- 1 - r* r- r* r*^* r^»f^ «q « «o *0 a? to 


r\i m wui « cp o -rwi yj «d «? ^ o o o m* 1/1 o -*oj ra® o* a 1/1 yj r^» «o a» o — m «r m m etui o« o *M w ih 
0000 000. -»■' * f . < vjmAM\¥Mru»nmr*o o« ■■ >. . . ■< 


O O OOOOOOOOO -O-OJJO'O 0-0 000*000 0000 00 00 00000 000 00000000000 


^VTU^vor^oO- o^v^^unrvorMOO 1 o-^\irocxux>^< 00 * o-^ajkk ruvor-coo* owv^^jvvot^coo* cwy^i 
<r o o o 0000 ooooo^*«"«»»»— «■ ■■ ■ ^^*>v\jrgA>Aj<\irurjnjf\y\»or , vnfO»op^\tOK»*vncr y or cr 

fOrnr-v>Kt»oro« 7 tTcyiTtr ^«7 tr«rcr ctw«t trt 7 'TtT«reTrr*r 5 r*TO , *Tt 7 «rsTKrir*T«T<r cr«Ttr'T«rcrtT*TtrsT<x 



TEMPERATURE VS, NITRATE VARIANCE-COVARIANCE MATRIX 
QOS AREA TEN3Q LAT LON TNIC TNlSC TN2SC TN33C 


o^KHoa^ino^Wu^ortOMWu'-owvjftj^No^irrtOfOi^w^inN^w^^iXMjtiwjjonjojtmjN 

>^<lph^Wm^QtfVWftMlNV<W^OIff<>ftiN/tffff>>^^ > <<y »» WlW^O*«QOOgQOOOOQ 



KVCKI nW>jOQOO^OlVO^U W- »OK)OOQOO>R<WO*«OQQQOOQOQOOOOOOOOOOOt>0 

* • (i w • iv iivi ii vi • • 


i%mf\jnft«tA9o-^ro<i^V¥tooA^K^ct , aKu>4)N94«)^f^M)ncr^ir*M9 9«h.*«iii««o<vo«N«ru 
j/voN*^^o^W)t^Mn«)(Oo^o»o»/>(7^cKiJTOt^n«yc>r\j^/v , *^woocoo<>t^ , 'in*nM>va'^A-A 
m^NqN^O(W)q«^H>q>*frO»OtflVlft|0^iTC>OMOO(MlVM\<Q ^’ OgOJH»tqf^ 

uv\jc> AM>mm«^i -^n moc^oruo* vo o tmiop«M-^v^rvirwwvM)p«r<MU 4 > Ai«m o^rnno 

^0‘<e»(M<)«r^wN^<y\joift O M * in*pwo*«c?vvuqffN*i<CK>no^p«<qi>w l u»*o>*<>**oooAjooo 


CAX>^MOOOOOOf^-0^«TM-^JilOf\JOOOO O.^. OOOOOOQQQOQOOOOOOOOOOOOQO 

****** I irM^i i i^»-i I f iv ill «i i« ii ivi i 


ai •■*nr , *m« v » o ajt^ -*o v«o im v ©m fsMOilVwr ©<\i vtv^ «r r-Ajp m op o ©mm-oin 

h-t?H)fOUl*<34)^»nj-f«M*)ftJNOMOO»<Rsl/10H l \r>»^C*mifltr«]t>MM(ftOMrUAJO't-c^^<7> •P04 }<]Nh0 

m«+>*o h-ci/^c wi ~*\i «nr»r-** oT^iojvo’Cwtfw>f\w)*^oo> a 

h^AloqftX W^ R i WgtflAgOg^lNO^NtfMgQKn^OOO^g^NtO^MWOMO^ftl^yNNXyWO 

?v^M9CK>r^«o-4r^o4)Hn(wwiM}0<mrrvi«oino«^MOfvrvKi?iwf\m9<F«<rv < to<\KMv9oo4troo 

»T^N*T • !>•«•««••«*• •' • • • 4 • < » • • * • ■’• 

MflfU<0iffMAj0-000*WVJ0A|0^WU«l0W0^0OVl*^0^0^00000^0000000000C>000 
Knnm i v i tv ««m « i iji •■ i v i iv ii « f 


<r*»Aiomio>^ w^vorum vpvh»omm»*m’OOom» ■©■ ■■■■ ■njxyocn 

NCK/PO 1 I . I»4 i Pogtm^^r<ftjea^OJWnpqWj<(n*<Ofl?»Q^f\irwoqM > »Of , mqq''0^?<P»N 

^^rv«NmMni«ovi«uo^4MV>9^o<f^ji/i«(rfH^^/ws4ONOTn«*<0^0^io4ni<4M(h 
o<Mn^wgKw^ ^ n» ^i wv»o*^>co t »<wo>oM>vioo*«--»Qor^<. v>wonif»>^}«r^>*WQffyo*p 
NCT^oijwcQ><v^a^o*injofv^NVf^y^o^<?v»MVUNw^ryr^-4^tiiww^ooAi’— <>«o^r»jo 

p-.tr ITI -C 

h^n^^woooOxo ^' < v< r >i ^mr>»QQQooji n »o>«oQoooQoooooooooxoQa«oco 
— o- It III III ill III If It VI Iff II I 1 « • 


irvv*/wYvviinirp , v>int/w>tn</>4n*n*vrv>4r^tn*rtnimr*/iuur^vvvH/xrv^ 

^ ^%irvr^jfur^o rnm v v ct vintnin<r»Q>cr ( 7 ^ -oo-o ^3 


iWH/xranwx^tr*r*/^tntnp^tr^u%4r*r*ni/>tfiUHr>vr»<ri^i/x/xnirOTLf*n»rxnini/^ 



Aj« , urur\^KvomKrvvvintnin<nwappp»^f^^ > 9 *+, » wui\iftmimmmmTM , ^r^p<Qpaoo*o , o*o-oooo a 
QQOOQOOQOOQOOOOQOOOOOOOO i » n I ■ »■ « ■PWW<\i\rW 


^\mffin<NW‘0^f\iniriA<Mo^o«ftjfo*rtnoK«xhaa4VT'vnn«N«off-o-<im'nn-oraC(>o-^iPwvw> 

» » ■ »■ »» mirgrji%ir^r^i\irargrv i nK»o»^mmK»nmmv v v^vvv w mrwiww 


J* & uun © vv\j w amv <0 4) « m +++*9 tno* «c ©**«> 1/1 o ~*4> **wo> www*ww — »^xd k*\« *w*> ajo* iA 

Qy-OffhAt/^ ty * *W)lftfUllf ,fc OPtO(yKV/'r*O l 

in^*«ftlMM^<HflOi)Hn*0H/M/V\JOO0K»OOOOOOOO«)l|0 , »'V0«»*-^ , ^WT«'fl*nfl^Ofr«l«3rt*)V^0 
- j — — — -“ — *- — -•■ — '' l 7«'^O' 4 CK>ITr^0f < \O<MO(\iO(>iO 


o ~nj(T« mmmm* 

rJc* — -*«VO O O ©AjOf-O' OON-OOHOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOO 

1 — • ■ 10 at •• • a • • a at a a •• a« 

a 




u 

VI 

rvj 

z 


T _ JO-OKWJM 

ftlVrtOOOW^©4ir^lO<Jf^W»rttF^W>W^V«IOV»^0<\M>0»OKV<)0 , fO«W)Mff>IKW}rtl , *V»Ol^ 

W«Nff0»#»V^)®W0l»WJrt'tHW0W-0^O"*0000O0ir4Alp^^M«*IMVi'0t-O<^*00-^Jftlll'W0AJ 
^O^HTf^l^^O^OOOOOOOOOiVCMO^OrjOOOOOO^OOOOOOM 


1 ; *••■•■•••••■«•••••■••*••••*••• 

^W^MOOUW^HOUMVOOr^OOOOOOOOOOO 

1 1 1 ^ 1 a a aaaa 

a a 


o 00000 0 O 0000000 OOOO OOOOOO 

1 « » aaa aaa aaa ait aat a 


u oo-o v*^>vvv*-<woft^o»^*iAMnoHr»\<ofy»Av«)NotnKV(>‘ 0 -*<flNfl««JO'ci»MX)(oiioiflof\j»n-a^** 

h ffrH?otM # 'o^nwcsm«T'fltn^«rvnaoi/xnvNfM'rt04jr^oo*<«3^on{iHfyootfwyo*o^*4ci«)ii-<ot^yo 

in f^yiog 1 omo«ooooooo**ooo^oooooo*i/vooo*»ooo»-oo 
•*••••••••♦**••••«•••*•••*•••*•••••••*••••••*•••••••••«• 

^w)e‘0‘OfliOo^**ooAJOoo«oooooooooooooooooooooooooooooooooooooo 

IA*U (HI a »c aa •• at a t a • • 1 aii a 1 a a avv ai 

1 


lj c oooro*"-oo*‘^ u n trtPV\j~-<c<>jr-*4r*OKio<7'ft~a30oar ^o^\w/Tr^ij! 70 r<notMOO»-^Nocoofw|H«iKW<H 
h l/)O»<»»0rt»^/V| , HrlA»')0'«WJVft/'0<IC'»0* , ^^tfa)IWH0KWnj^<I(W0*O*** ^Q9K)<()9900w^XF0 
2 w*0ftiOC»O</>O»^0qg , Ar*»*OAjrH0gKV<yftJ'0(HM*^ t 0 , V>*. 

h K>^cjow^jcri/v?-f\jr*-«Trvi«o*-^ mo oto<Mvlo»"»*un©«0©*«©CT’ <r o corner is*M^£<o-00<\jruoKir'»J/>«o 

CV ■Ol^fNif^OKlP^O’ .,£)■— >C'flOOUW*IKlKy/lf»h"OO| , «»*tr*0OO ^?*D<7* 

. ^ r< 111* |»-4MIMO^*OAJO 00»-«00 OOeKMOg* Q»*tO" iO OOfi»*OOfttOOOI\iOOO 


*Hno<\MvjcN%iCMWiw»*o-*ooooooooooooooooooooooooooooooouooooooooo 

1 1 — 1 a ait aaa aaa aa at ft aa •• aa tv ti aa 


z uvrMJWXi^4Tk4ixrHr<c^u\piWknvHrHA*nt^vw»<AVTV^i^<nirH^^oiiru^n4nvMWio^^ 

3 i • « 1 ■ ..«■*. «r>yuAjfMKVo»^vn«rcra , <rvw>*/wm><i»o^Oh»*^»-»^<o<o«o<oo > <y , o > o > oooo» *■ *■ «» wwrvKU 

j 11 11 


•- i/xr*/^vxrH/x/v*/xrtrunu^r*f*nu"»/ , Hn«/urtt/*AtnvMAVxrivur^^ 


tn ooooxp m i. 

Z OOOOO OOOOOOO OOOO <> 000 OOOOOOOO OOOOOOO O p -P-O^ ^ I M'I — '«■ — ■ ■ « 

u 04AV\^rur^f\iA*Wjryror\ir\jf\;rvjn>AKXJ<%iryrgr^rgryraA»rorurun4rufgA^ryfW>JAirvj 



v> r^»C‘0--<\^airMH^o*ow>if«vjvvof^oO‘o--r\i^>ciiA^>*^a50‘o--<>^«TUi<)r-co<^owgrncTUW>^-<oc‘0— vvj 
a i/H/xn<o<o<oo<o<o-o-oo or^^^i^f fc MMMO<io<KOO©«)««ao , ir<ro*CMWff , c , oooooooooo*^^* 

3 ■ >1 4 1 < ■ 


i. -- 1 


0 B$ *RE* TEN 30 LAT LON TNIC TN 13 C TN 23 C TNJ 3 C 


-<(fl^»jfno»M\j^»n<J‘ift««* *»ouiN«i^MVoino*^Mnoo-^orwotf'N<w<rtiooinJJo^WffHntf '0 

<Vtfg<y<^nQKoirtr\i-o^'flniioKtxoooO ' «oooooojw</>o»r\wxwgNiyy<o»»wnff(v^WN^w 

txir**<j«rvi^w<fyivnjO'ino^«iM>oooqqoooooo<Hi**OK)fl‘««v<\HM»ovnno^^oo*o»*w-* 

^Mfn^ocroiTO-^KVM^-^ftiooooooooooooHflm^^vo^^wa^N^^i^iAiocflJ 

>o^^y»vioooooooo*^-oooooooooooo 6 «-oj--uwyowortjot*oM»oi/vnaNn-^ 


ooooooocoooooooooooOQooooooooooooooaoooooooooooo 4 **MO<s-i 

• I ii ill if >« I I • a I i • pi it i • I r*-t t i 


^Qtyircfr ^f Of ^ t^tniyr^vi-otpr ^ pyiotyoirioyiocxyMooafw-^xcoooKOOtfKqfffVfv^oMO 
croOf^tTCX>JOrvo. «. «<M-^vjrvji/>rn ■ «nt ^ ocxWooh^oohvj. t o oflWKy<Tqq , o<HntT > v > 
l/) 4 «KVl^O 0 iO^OVN 9 r 0 < 0 O^OOOOOOO 9 OOOO 0 S-^VV(yHNMTin*^/W^»^O»-*crtf>« 

^ 0 ^<f*tO^)OOoON^OflWVOPOOOOOOOOOOOOWM^WWMyortioffM^OM«)OVl-^VM 

oo*«aooooooooooooo 9 <^oooooooo<>oooo 9 Qoooooooooeooo«oo*<nMVH 

« ii ti it »i i « » i i i • i i •« t • i it *^wm ■ t 

■ 


» -ot^ — o «ro -^»crr-.cr f-»*HUKi 9 '~~^Aar>~ 0 *u ^>®«fwwvwo«^ ki/i~kov*. ot-o wiwv «r >oo<n *-«¥W“-* 
o owi<on o 4 ) ■rotixnt^or*-^} 90 OK>inr^ v>ux^ ruK)K>irtnoh^fO» ru^n o oviki rxKO «^«n 

4 »noJTOM^N^«-f«o«o^oNW>AirvoofU*o*-f\»oo^o*wo«w\j^«»o«?a 3 ^o«chrM>ffi/»ivrv** 
^^o<)rr^>nj« 5 cro'--' 0 <KrAity* **^oo^wo»c«yoi^ QN o»Of>ftj.^fMf\> o i* i . ^>^xrWTtygrp^c^w^o^> 


xgg^ffOfVCMOOftlftlQOWglVWOOOOOOOOOOOOOWHOfMtyW^eytO ^ » AT>Cl/>KWO<n 
aOOOOOOOOOOOOOOOOOOOOOaSOOOOOOOOO(\JOOOHCOCl« 000 *iOOtT«O^OAMH 

f I I 99 ■• • tittfr 99 * f • f f • I —— t 9 


r\jonh<}f^^rijrv^v\j'o~+*K\jt?*^«c^rnojrO~« 7 rOfUror 4 ~+<tt/xn~~c^K>*OfOr'‘»+'^Aj 4 AJ^o<^o^-^'»Kvrvrs 

o-oo* amo ota ocr- o* r- t-«o 9 or -*to rw^j-otr o* at** crrw* o ofwo ©oj «o*-vi ooo a* » «? oa> 9 tr»<wcrfO 

KO^tfOinQOAT* 

t/>*-sOKt KlOtO* 

ooooooooooooaooooooooooooooooooor*ooooooooooooooot^rowo«jo 

• ■ 9 9 9 « i ii i 9 9 9 1 9 9 99 t 9 f 99 9 ««i 99 

9 


uMn<ryni/M/u/Miwoxnini/M/w>vM 4 W<m/*r»tf*/>«n 9 raAi/Hj></*ni/it/xrKrK/M/^^ 

KlK>H^K^ 99 m/UAI/^fn^OOOOtH^wt^r^t^f^<s.OOO« 9 Hr»fVltn 9 <ycrcrKlKVK>Oa>AjAKVl*‘»**»*»‘* 0000 ^<>^O t 
■ « *■►■ >■-«> « «■ I. .! .. .. >. »■ .■■•■ ». >P*. «■ i- - 9 9 9 9 


in«XfCvitr*nu>r 9 ro>i/>\rAr*nu>irvir»uMr 9 rTtrfir*r*rAAtroMr*ri^^ 




■ »-«■ «■ - *^ ^VlTWVIW 19 Vlft 9 VAlWW^^ 


«-»»*■■■ >, •■ «.<\jrijrN*\ic^nj<>jrJ<Mrv j K»OKw'woT* ^ Ky*ocr<TtrtT«T^q-crcTcnn<^ 

* M»l i <■«»<■<■»■ > ■ || t il < H H » t ■ ti i ■ > iH »4i < »<» |HK»4K» < i * » < ■*>*■ » ■ <» »■ ♦■ <» < » < ■ <■ ■**< ^ 







A H EA TEhSQ LAT low TNIC TNI sc TN25C TN3SC 


l/VO — cO^Tl O UV4» On<l -*0 «-*>i Or^t-AMO « ~*KH0 O ^ •* OB'-**-** O- Off fU O 0* -*0 CO O « ©tf* O *'*TWO O 

o^vo»c*iQt M AQff •«^*M^»^*^5f\jo-^}rMoa'OAJO , Kni^n-fl^oo-ftjoa**tnotHaoo?ort^o 
(0^9 ■flWO»W»sn *«»* W\i»0<MA»C>*qg>V fc <\<tfW<HOqinOOM\lQO**W)^WWlQO^)OOOOOQtfW|Ofli 
ac)o*MnQOOH/u?ooHDoo > «40 > <y>OH>oo^>OMMOoooooioii^>40ooo'*ooooooor')qrio 
rU«H>Q09(MrH/^0^0«4\M0ttNn«OA100000000000A)nM>«00000000{>000ilfV>00 
o«o^w^-<w]croooooo- orw-«oooooooooooooooooooooooooooooooooo 

r?oooo<\x>ooooooooooooooooooooooooooooooooooooooooooooooooo 

• I I I I •• I II It III Kill III! It 


^wurnim}o-<w90^^^9Nr^HNJ^^uncTr^>*flooo > e-0(T<o<r<oo > 9«)tfvuMn9(/ii*wi9 > o<a/vvn 
h* o mo* K** o f\jr\j -**w> «> Of*» o a 0 s o© nnr-n o no •*© ai ovi a o <*Ai wur*-© o ® <* © ©otn o o 0 ~© kwi o 

«vua*ot^>^oA*#^>o<r«(?‘0<ocxrM/x^r , \JOfOO**-*>o<^^uTtA- M K5r^o^o^otr^--<>ooK>--ryo<r^oo<OK»ocr 
■OWN^ 1 l ^>OKy>tf)*-«O^O»0Q t 'J^)*>r ,l »1>**^KO«0q^OQ(\JOOg »»> ■ *> *■ lO O'O^OQOQOOCKNOO 
O O OO ■' « CT I H' T I^ 'fXaOOOOQ QtO' < y WTOftjOOOOOQOQQOOQOOOOOOOQOOOQOOOy<XOO 


oooo«ooooo^oooooooooHroooooooooooeoooooooooooooooooooooo 

1 11 11 iv ■ Bill iii • iii iiviiaiii 


txo<-i^AXV®(oeiroM9r»JiiW'<HVM»o^vuor*ofl)<«oo^fh'Oiyofn'0^t»-Offf*«MOOWHOfMA<JMiuvn 
r^no -• o o r*n© *> o o f\i o~o<* <y« n o <» © nm t» -ni *» <0 f\i«rr- <7fUAJn o©«aj © amoni 

^OtfTONO^tyOtO^^Ox^yyW^lKWlOI-^OOt^tfOOTTrVJOtniO^OMOf O- 
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h.^cor^n^otfH^»ooooofMD-o-o«inof'OWoO‘»^\r*oO'WO^‘no«<otAOWoo<OH»o^«-^ 
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— </> UKT o O OO© CT O' «* f^sOtnO* ^-OO* cm/Wlcf ^/'■<H>‘r 7 -OOU>Ol/>P^M>r- 

hMA 4 «fW-M}OtAMOooc^jtnHoaocKg«>Ar»(n>iKMn^o««oinvu^H/v\i 4 *ofo«}«)o<«Ac>««^^ 
O^UVi 4 Oqg)<W 9 g^OOOOfi» > PM 0 ^*-lwi 0 qg > ? 0 , < 0 g 0 > » 0 =r» 0 On<CfMW'^^q»CMH«-fflOC? WtSar »-g» 
^cv>«fW«%^tfWjooc»o«Jowo'^Htfwr«oe^^^ififMncrffoff«JNi%i-^traow«cw)^i^«rB)o 
i^i/>Hr^>«Of<K/vK>ooooAjr^vout 4 ^*^<oor^rnrn 90 «iH 9 *<^ 7 or->ONo^crfMooMi>oon 9 cro 
arur^o crt-Kio«d— ~o o a ooo-o oo(AOAJoo«do<o«<fl 0 ^^o tj^oo»vyo<\j«iooAjooo<v^oo 

ff*^ooo<rooo-rvooooc»o»nooofVMOoO'Ooor^«ooh.oo^wooinKK>oAiooo 4 fl^oofsK>oo 
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fO*S 9 A*Ni*ViAJAjnjrtjr#\iAji\jA*rur\iAjA»/\JAjruAjr\jAjAjA*UA*\*>>A^^ 
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i/y>rtoi^o^*-^tn«50-~t^^>o»-«'o«»-^«>o<TO-^tro-«i/^0'cr--«'0-cf«j>rju>oa»^o-ocH-cri'0<v»«T»^o 
■o— <^»-^>oomj5«^-o^-o-»o<>ajfOot^«(vijcMWtn«nr>«o-<)«o^»CHrvo<r<>oo'-*oiri<ofr>otTr-"ojaAMO 
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iMoo»o«c(-ooooooo-ooo(NiooMioowvoouvK>ocm-o-<oooiaoo<wioo(vooo 
Ml lily Ill'll INI IKII I -< I • I lor«| III HI III 


”• I 


i/wr*n* , iuM«ri4/ww*/'t/'i/H/Hri»ni/xn»rK/'i/wunuxrHru>vxwwrt/i<rt/*«i , WMi^v>^^ 
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mtj»Kjtfio^o«f-oofyirtoo'0<\jf*o^aov^>f\joo»i*-K>**-^novry<nojaHyfwnoa«)<nDuiffoo 

^•*oocftiotyuooofyoooaK*-o<Maoowviooo*joo»^3oo^Noc»o^-*o<n«-o^<» oqooo 
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l/V\jO©lA^«~*VM<>.sA«OAjqaK*-**‘Ai*M/ 10 .<I.O<*lAftA*A**<*.®q.*q»Ot/UAOAiO'. 0 ©a-A>qAl©<>«Oq~* 0 *' f O*) 

iAMpo4croot/>f , ^uoaanJoo , 40^<f^oar > >fMOK«A«)o<rKv a *o^o^o^rj^40iAWMN40(W\ftoo 
(y^ooNoootfyy^tvrioo^oof^oow^wwoOAi^ofti^niO M^i gNJo-o^iotn^o 
A jOOOVr*OO^Of> l .?00Hn-40»*ooo<}*40O^««O0AVO09(nO0AJ(VUlO0>000fftf0CrJ^C 
000000000001^ ooo*^«oooooooooooooo^oooHOoo^ 4 )ooinooo>«ooooooo 
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**Ainj«<*Ki— r*q am laakuo* oh- owner kwj aka «0<o roe *TKU/un<ooino^<o 

4 ft'-q q ©A*"* OOO-OJh. K1 OAJ4AK**— Ai -+ 4 > q O'**'- AH»**^4Aq© -OAJ HO AJ©AJ O <0 Alq P’f'VOO* q ©ftn«q UV-K^ 

qOKO^OO^O-MOn^MO^AWAJHVsno^POAWMO^^O^OOaNOWi^OOM^^X^OAJano 

<-ooo^otfunooatrocHnHno^ooo(/tfU*-ow^o<Mwoiw#ootnnni^o«o*oM^fo»o«)oo 

t|-OOfl**CO0JOOO-OOOCUl^OAlOOO0HOO«^OOf*^OO<VMnOO<rO«O0j«TOON-0OO*rOOO 
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• i < < ft f ft ft — ft « 9 I a t ft I « i • -* • tod ftftia i-i v ft « 

Ai ft 
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u>rqxrqHr*/vxrvvxnt/u/>i/wwV¥/MrHrxnirvv*nv*n4rt/M/xnir^^ 


© © © © o o © ©*~-*-r aiai AiAi^vo^Ki q q q qinxnwi *o© <oto «© a* 0- © o oo o w^wa-^vinjurti 
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<rra-»ojo»i(\jfvo<rnficf — ~o</i^->.-»-ioiTOAi‘T.oo«nf~«nrwvx3— • ■ ■■■•■ <voi 
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C qctopqffffiriwyffffyffOOQOOoooQO^H^^i' i» i» >» <vt\iiunjftjftH\jrwina*yinf*yanwWKtnq 
Q pw^-^fs^r^^f^-<^+'t'»^f H ^‘<u« 3 owa> c o®to«xw><CTa 3 a>coco^>flJ«o<oiOioqjcoa 3 n 3 AXXM>Oa 3 €Oa , xajoo«xo«) 


»^A*AO"«)tTCW>f\i»OtVMOO>0<Vf»^>tfVV*OONOO€HPOOlI-flOO*^-OOt«^004)K\OOOa^O-Ofw<3 
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fO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
J OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
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U oUlC«OKW^M)Of*>Ot^9r^9m/1<4>Cr 

fM Qtjr>QOO^O ■ "O' >QfWQ»^)W)OaX\K) > O»*<0»yo<KlftAOMWIOnM\iOI^»0Q J O>*Q<\Wg)O<0TOO 
2 OOrtJO«JaNOflWVO*>COOOf<W0OO«^OA|'flOai/H # lOO#V»OO»M|OO<fl*flOOOWOO9 O— oh/>oo 
I— lOqOO<TI^OO^OOOAJOOOtf>OOrnnQQ^OOO^OO O' * 000 ■ lOOOfttOOOOOOQ^^OOf 1 1 * o o 
— 000 — ooo—oooin—ocx^o ooryoooo 00 00000000000 ooooaooooowo 000000 
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